Abstract The Ecosystem Approach to Fisheries (EAF) is a holistic one as EAF considers all species as important elements within the eco-system. An EAF requires that community and ecosystem structure should be maintained by harvesting fish communities in proportion to their natural productivity, thereby sustaining the balance of species and sizes in a community. This article draws from research on the reef fish community and catch in Kotania Bay on Seram Island in Maluku, Indonesia, an area of approximately 6000 ha. Based on the trophic guild (ie the aggregation of species utilizing similar food resources) on the reef, the biomass of predator fish currently being captured now represents 40.4% of the total catch biomass. Members of the grouper family, the humphead wrasse (Cheilinus undulatus) and trevally (Caranx melampygus) in particular, have become targeted for sale in fish markets. If these predators are selectively targeted and exploited, the overall reef fishery and the human populations that depend on it may become imperilled, given these species' significant roles in controlling those lower in the food chain. This study thereby emphasizes the need for balanced fisheries informed by the EAF model in small island fisheries management in order to sustain food security in such regions. 
Introduction
Traditional fisheries management is largely based on single species stock assessment. Within this perspective the concept of 'overfishing', referring to loss of yield, has been recognized since the 1950s (Schaefer, 1954) . It has, for instance, resulted in prescriptions against harvesting juveniles in order to allow fish to reproduce at least once before harvest (Sissenwine and Shepherd, 1987) . Increasing concern about the small size of fish being captured in many fisheries has also led to improving selectivity in order to achieve a cleaner catch of ''target species and size'' with higher value (Broadhurst, 2008) . While this single species assessment approach has had substantial impact on many fish stocks it has substantial shortcomings in that it focuses on isolated aspects (ie single species and size) rather than the function of size categories of species within a broader ecosystem. By contrast, the Ecosystem Approach to Fisheries (EAF) is a holistic management approach based on the entire ecosystem (including humans) (Pikitch et al., 2004; Bellido et al., 2011) . Although he did not use the specific terminology, the need for an EAF was first broached in the 1930s and 1940s by Ricketts (1947 Ricketts ( , 1948 with regard to the fisheries of Monterey Bay in California and the viability of the area's sardine fishery in particular. The goal of an EAF is to sustain marine ecosystems and the fisheries that occur within them in a productive, healthy and resilient condition sufficient to provide for human demand (www.fao.org/fi/glossary/default.asp). A key goal of the EAF that is particularly pertinent to our study is that of sustaining the structure of fish communities in marine eco-systems that are affected by fishing and by other land activities in coastal areas. Related to this, and with regard to areas where the eco-system has been substantially altered in recent times by (over-) fishing, Pitcher and Pauly (1998) also suggest the re-building of fish communities as one of the most important goals of fisheries management.
The goals of Indonesian fisheries management, as determined by the Indonesian Directorate General of Fisheries and the Ministry of Fisheries and Marine Affairs, revolve around the concept of Maximum Sustainable Yield (MSY). This approach was developed on an analysis of annual catch and effort data. Some arguments about the effectiveness of the MSY approach arose in Indonesia after indications of overexploitation by five Indonesian fisheries (Widodo, 2003) and the concept of MSY has proven to be ineffective in guiding fisheries management more generally (Mous et al., 2005) . Scientific recommendations made by researchers from the Badan Riset Kelautan dan Perikanan (a marine research institution under the Ministry of Fisheries and Marine Affairs), including closing fishing grounds, limiting the issue of fishing licenses, creating minimum catch size rules and lowering fleet capacity, were offered to the government (Widodo, 2003) . In response, in 2004, the Ministry of Fisheries and Marine Affairs issued a regulation (No. 45) regarding the minimum size of fish captured that was subsequently renewed in 2009. Once again, a single species based approach was applied to fisheries management without any means of monitoring and/or enforcing its provisions. As a result of ineffective policies and enforcement, Indonesian fisheries have faced certain depletion (Heazle and Butcher, 2007) .
The existing crisis in Indonesian fisheries' management, most manifest in western and central Indonesia, suggests that extending current approaches to the eastern part of the national archipelago is likely to replicate unsustainable fishing practices. In this regard, the national government's designation of Maluku and North Maluku provinces as fish lumbung (a term that literally translates as 'barns' -implying an abundant resource) in 2010 and 2012 (respectively) is of particular concern. One aspect of the identification of regional lumbung is the establishment of marine protected areas (MPAs) within them in an attempt to compensate for increased fishing activity in the regions. While this represents a proactive approach to protecting fish stocks, previous experience with MPAs in other parts of Indonesia indicates that MPAs create conflict between communities, fishers, NGOs and industry groups (Morishita, 2008) . Similarly, establishing lumbung areas without adequate management at the same time as increasing government subsidies to expand fishing fleets is highly problematic.
Fishing leads to a reduction in the abundance, biomass (Jennings et al., 1995) and mean size of species targeted by the fishery (Jennings et al., 1995) . Increasing selective fishing pressure contributes to the truncation of age structure (Hsieh et al., 2006) and changes the composition of reef fish communities (Pinca, 2011) . The impacts of fisheries can be detected in changing catch rates and catch composition (Welcomme, 1999) . The management of a fishery requires a reliable prediction of the consequences of exploitation strategies (Sainsbury, 1982) . A single-species fisheries management approach that avoids by-catch and other selectivity measures is an important tool to protect non-target and vulnerable species (Pikitch et al., 2004) . However, improved selectivity may also lead to greater contrast in biomass among components of the trophic level. One common consequence of changes in trophic structures has been the depletion of apex predators (Polovina et al., 2009) , intermediate consumers (Bundy et al., 2009 ) and predator fish (Hjermann et al., 2004) . In this regard, management based on selective fishing tends to ignore the impact on the overall ecosystem (Garcia et al., 2012) and may not usefully support the end-goal of fishery management, which is to maintain the structure and function of the ecosystem (Zhou, 2008) as defined in the EAF (Garcia and Cochrane, 2005) . A balanced fishery, which catches a selection of the natural population proportional to the productivity of its various size components (which is linked to trophic level) represents a model that may sustain fish production.
In this article, we aim to assess the condition of reef fisheries and of the reef fish community structure in a particular location based on our ongoing study of a balanced fishery in Kotania Bay. Kotania Bay hosts a type of traditional reef fishery common to Maluku and to Indonesia in general. Our study will address how traditional fishers utilize the fish resources in the bay, the effect of fisheries and how an ecosystem approach can be implemented to support regional food security in order to sustain the island community's future.
Methods

Study sites
The ecosystems of Kotania Bay and the adjacent area of Pelita Jaya Bay are structured by mangroves, sea grass and corals ( Fig. 1) . Detailed studies undertaken in 1994 indicated that mangroves occupied 1250 ha, sea grass inhabited 115 ha and the coral that can be found along the bays covered 820 ha (Wouthuyzen & Sapulete, 1994 ) and there does not currently appear to be any significant variations. Fringing and atoll reefs are also scattered around the bay.
Fishing history
Due to a lack of detailed reef fisheries data from Kotania Bay, fisheries information was reconstructed from interviews with the fishers who live and catch reef fish around the bay (Neis et al., 1999) . Fishers from six villages were interviewed to determine current and historic catch records (species and yields) and the types of fishing gear and methods that were used. Fishers were selected for interview in order to draw on a wide range of age and experience in the fishery. It was assumed that the 48 interviewed fishers were a representative sample of the 153 fishers who catch (mainly reef) fish in Kotania Bay (Anon., 2012) . Data was tabulated per decade to identify trends of the catch rates. While fisheries statistics for West Seram Bay was available from 1980 to 2012, similar data on the specific Kotania Bay area was only available from 2012 onward. We estimated relevant fisheries data for Kotania Bay in previous decades by extrapolating from the 2012 data.
Surveying fish communities
Two divers and one boatman were employed to conduct this study. At each contiguous reef site, fish species biomass was recorded on a 20 m · 4 m transect. On shallow and dense coral reef patches, a stationary point count was conducted around a 5 m radius. This was a shortening of the 10 m radius point count advocated by Labrosse et al. (2002) in order to analyze crowded reef fish areas (including small species) in the range of visibility. The survey was conducted at depths of 0.5-20 m covering the whole area of the bay. All fish that were present during those periods were recorded, with the exception of small cryptic species (e.g., blennies and gobies) that are difficult to record. During the survey of fish communities the observers remained stationary or moved slowly after their 5 m dives, thereby reducing the likelihood of frightening fish into or out of the transect. Individual fish that moved along transects during surveying were recorded once only. The observer recorded the scientific names of fish, number of fish per species and estimated their size. Every species recorded was grouped according to their trophic level (Froese and Pauly, 2004) .
Catch
Catch data was gathered from creel surveys and logbooks completed by fishers between June and December 2012. Creel surveys (Lockwood, 2000) involve estimations of fishers' catches (derived from interviews with fishers) along a transect and were conducted to determine how many fish are being caught and kept by reef fishermen during fishing hours (night and day) in Kotania Bay. The gear used to harvest reef fish comprises gillnets and traps Species type, length and weight, number of individuals and trophic level were used to estimate reef fish biomass.
Balanced fishery
The link between exploitation rate and natural productivity was analyzed from the biomass-size spectrum in the community of reef fish and their size distribution of catch. The biomass of fishes (g 100 m
À2
), aggregated regards of trophic guild, were normalized by regressing the log 10 of the biomass of 1 cm interval class sizes against log 10 of the size classes. By distributing the biomass density size independently to the size interval, comparing results from different communities, whatever the size of the organisms, is possible (Blumenshine (2008) et al., 2000) . The regressions were performed separately for fish biomass and the catch. Two slopes of logarithms of catch (kg) and observed biomass over log-length were compared using a simple Student's t-test method for testing hypotheses about the equality of (Zar, 2002) . The percentage of different trophic guilds contributing to the total biomass for the fish community and catch was calculated. The five trophic levels that were used included omnivores, zooplanktivores, zoobenthivores, herbivores and piscivores -following Froese and Pauly, 2004.
Results
Fishing pressure
Kotania Bay appears to have been exploited since the 1950s. Small gillnets were initially used as the easiest means of catching pelagic fish in small numbers. This type of fishing continued until the 1980s when this area became regarded as a reef fishing area. Some old fishers also used bamboo fish traps and bamboo barrier nets to catch fish for personal subsistence purposes. Since the early 2000s, improved road networks in West Seram have resulted in local marine resources becoming valuable and economically important. Around this time some professional fishers started using a variety of gear, such as handlines, longlines and spear guns in the area, working from wooden or fiberglass boats with small engines (around 5.5 HP). The latest fishing gear used to catch coral trout is the trolling line, which consists of wire and a lure. Destructive illegal fishing methods such as bombs and poison have been used for many years but very few of the individuals using them have been apprehended. Most fishers acknowledge the negative impact of the latter practices on fish resources but there is no sign of the practice stopping. The number of individuals involved in catching reef fish in Kotania Bay has varied considerably over the past three decades. In between 1980 and 1999 the number gradually increased from 65 to 242 (Fig. 2) . Decreases in 2000 and 2003 might be related to population movements related to the social conflict that occurred in Maluku in 1999 (which continued until 2002) and its aftermath (see Duncan, 2013) indicates the depletion of marine resources such as sea cucumber (Holothurian) and sharks.
Catch rates for reef fish in Kotania Bay show a steady decline over the period between the 1990s and 2010s. In total, catch rates for targeted species such as grouper, snapper, trevally and emperor, were 5.4 kg fisher À1 day À1 in 1990s. Since this peak, the volume has decreased steadily, reaching 2.7 kg fisher À1 day À1 in 2010s. Interestingly, this pattern of decline differs slightly with regard to species composition, with different rates of decline demonstrating a lack of synchrony with each other (Fig. 3) .
The reef fish community
The total number of fish observed during the diving surveys was 40,111 along 45 transects, consisting of 20 families and 312 species with total estimated biomass of 659.5 kg. Mean density and biomass of reef fish per transect was 22.3 fish m À2 and 183.2 g m À2 , respectively. Five families were ubiquitous throughout the study sites: Pomacentridae, Caesionidae, Labridae, Scaridae, and Acanthurdae. The most abundant species were damsel fish (Chromis viridis, Pomacentrus amboinensis, Amblyglyphidodon curacao), fusilier (Caesio cunning) and cardinal fish (Apogon neotes). Throughout the coral habitat in the bay, density and biomass were dominated by piscivorous species, which accounted for 30.3% of the total fish counted, followed by herbivores (29.7%) and zoobenthivores (28%). Only 9% of the fish counted were omnivores and 14% of zooplanktivores (Fig. 4) . The calculation of slope of size spectrum in the community was À0.88, indicating decreased biomass with size. The large size range of herbivores was dominated by parrotfish (Scarus oviceps and Scarus ghobban); and Napoleon fish (Cheilinus undulatus) while coral trout (Plectropomus oligocanthus) dominated the large carnivore and predator groups, respectively.
Catch composition
One hundred and fifty-one species were caught during this study with the composition being 43% piscivore, 26.4% zooplanktivore and zoobenthivore, 9.1% omnivore and 21.5% herbivore. Piscivorous fish caught comprised 34 species, with Towards an ecosystem approach to small island fisheries: A preliminary studylong-finned rockcod (Epinephelus quoyanus) being the most frequently caught. Monocle breams (Pentapodus trivittatus and Scolopsis bilineatus) were the most abundant among the 34 zoobenthivores species. Herbivorous fish consisted of 40 species, which were dominated by rabbitfish (Siganidae) and parrotfish (Scaridae). Fish size distribution of the multi-species, multi-gear catch in Kotania showed a similar pattern among the trophic group. The negative distribution tended to be skewed, reaching a peak of about 30 cm (Fig. 5) . The maximum size of herbivores was about 40 cm, zoobenthivores about 54 cm and piscivores were more than 100 cm. The largest species was barracuda (Sphyraena jello (109 cm SL). The slope of catch was À1.125 while the slope of the observed biomass spectrum in dive surveys was À0.878. One-tailed testing on the slope of biomass-size spectrum and slope of catch indicates minimal difference (P = 0.58), suggesting that the two slopes are parallel. Parallelism between natural biomass and catch biomass could be considered as a balanced harvesting if we assume that the size structure of the fished community is the same as the observed community through the dive surveys .
The composition of herbivorous fishes in the reef fish community was 41.9%, which only represented 17% of the total biomass caught. In the natural fish population small size species dominated the zoobenthivores biomass while the bigger size species dominated the catch.
Discussion
As Zeller et al. (2006) identified (with regard to another regional fishery, American Samoa 1950-2002), a variety of factors can influence local socio-economic systems and related behavior and thereby influence fisheries. The interaction of these factors is often complex. The social tensions and inter-communal violence that occurred in some urban areas of Maluku in 1999-2001 prompted a substantial exodus from the region. In the case of Kotania Bay, many recently arrived individuals and/ or families returned to their original villages in South and Southeast Sulawesi. This resulted in an immediate decline in the number of fishers working in the bay. When the conflict ended in 2001 previous levels of fishing did not resume in the same manner but rather responded to new factors. The immediate post-conflict period saw a diversification of employment opportunities that arose from increased demand for spices and natural medicines, creating jobs in harvesting crops such as eucalyptus, cacao, and seaweed. Further diversification of employment options also began after the establishment of West Seram Region in 2004. While these options gave the local population opportunities for economic advancement outside of fishing, a counter-tendency was also present in that increases in demand for particular reef fish in urban centers created an increased income for those people still employed in fishing activities in Kotania Bay. Substantial income was generated by fishing, processing and marketing and reef fish culture in floating cages also increased to provide live fish for the international market (LIPI Report, 2008) . The establishment of set prices per kilo for reef fish by the national government in 2007 prompted a number of young adults to become occasional fishers harvesting groupers (Serranids). As a result, fishing pressure in the bay (including the harvesting of sea cucumbers) increased until 2008, resulting in a significant depletion of marine resources. The reduction in fishers in 2009 resulted from both this depletion and from employment opportunities arising from major infrastructural projects such as roads, bridges and ports in the area.
Harmful unselective fishing practices in Kotania can be perceived from the diversity of catch in terms of species and size. With regard to the 151 species fished, the catch composition was dominated by piscivorous fish, followed by herbivorous fish. Piscivorous and zoobenthivores fish are mostly caught by line fishing, which represents the predominant method used in the bay (using different hook sizes). Herbivorous fish were caught by traps and gillnets. Traps are recognized as less selective gear (Hawkins et al., 2007) , capturing a wide range of sizes and species (line fishing and gillnets catch a specific range of sizes depending on the mesh size and size of hook used). Given this, we may then assume that there will be a phase shift from piscivorous and herbivorous to another trophic guild in the community. However, these two trophic levels were dominant in the community structure in the bay. Jennings and Polunin (1998) suggested that harvesting a range of species from various trophic groups might produce high yield without initiating ecosystem shift. Although the multiple forms of gear used in the bay have resulted in unselective fishing (catching a wide range of sizes and species and with a limited amount of unwanted by-catch being discarded) this appears to have had little impact on the community structure (van Zwieten, 2003 (van Zwieten, , 2010 . However the impact of bombing of reefs, a practice still present in Kotania Bay, has not been addressed yet. By contrast, selective fishing of herbivorous fishes, parrotfish and surgeonfish in the Great Barrier Reef created a shift from coral to macroalgae dominance and an invertebrate feeder shift to eating macroalgae (Bellwood et al., 2006) . Reducing the population of specific target species will affect species interactions in the ecosystem (Bundy et al., 2005) , where predation by non-target species from higher tropic level increased and competition for carrying capacity at the same tropic level decreased (Zhou, 2008) .
Drawing on the above, can we evaluate whether reef fisheries in Kotania Bay are more or less balanced in terms of fish exploitation? Rochet et al. (2011) suggested measuring the effects of a size-selectivity curve (which depends on size selection and the community size structure) on species-size diversity. Our result showed the wide range of fish size (shown in Fig. 5 ) represented multi-species selectivity from the multiple gears used. The high biomass of large fish caught might indicate of large size targeting in the fishery which also shown by the slope of catch size-spectrum. A negative skew of biomass distribution, dominated by fish sizes of less than 30 cm might indicate a high level of productivity of these classes. In comparison to the size spectrum of the fish community in Kotania Bay, the volume of fish harvested in the bay is consistent with the available productivity but is less proportional because large fish (±100 cm) were absent during the census, which nevertheless does not mean that no large fish are available in the community. Limited depth range during underwater visual censuses constrains the observation of large fish. It is premature to answer the above question with the assessment that fishing activities in Kotania Bay suggest a balanced fishery. Given that each species and size is vulnerable to a particular type of fishing gear, an increase in intensity of fishing using a particular gear may impact the ecosystem. The study found that the proportion of fish caught is significantly different for herbivorous and zoobenthivores fishes. Use of other types of gear might allow balanced fisheries to be performed in the bay. With regard to the size-spectrum slope in fisheries management, Garcia et al. (2012) suggested that steepening or flattening of the slope might be an indicator of fishing impact on the reef fish community (also see Graham et al., 2005) .
Fishing disturbance results in a steeper slope of biomass size spectrum in selective targeting of larger individuals in the community (Hall et al., 2006) . In the context of Kotania Bay, we only provided a community size structure and trophic level in one space and time (and no other scenarios are available for comparison). The result of a steeper slope (b = À0.88) compared to the catch may indicate that the biomass of large body size has been affected. Species that have a large body size, as a general rule, tend to achieve maturity later, have lower rates of rapid potential population increase and experience larger population declines in response to fishing (Jennings et al., 1999) . There is also a substantial concern that taking mainly the large and mature fish will affect egg quality and larval survival (Hsieh et al., 2006) , may generate an evolutionary effect on body growth in the long term and might also influence the system stability and decrease its size diversity (Rochet et al., 2011) . If these factors have occurred in Kotania Bay, where selective fishing targeted on large fishes has been high, the future population will be composed of smaller sized species of fish, a pattern experienced in other fishing areas (Pet-Soede et al., 2001; Muljadi and Hehuat, 2012) . Due to the scarcity of fishing activities recorded in Kotania Bay, there are concerns over the judgment of selectivity fishing practices. Further studies regarding spatial and temporal size spectrums in the community of reef fish in the bay resulting from the impact of fisheries are essential.
The results of our study lead us to advocate concepts of EAF and balanced harvesting for small island fisheries and a series of approaches to securing this. The first priority is to establish both open and restricted fishing areas. While Kotania Bay does not have a designated no-fishing zone under an EAF system, part of the bay is effectively a no-fishing area reserved for the pearl culture industry. An (unpublished) census we undertook on reef fish in the pearl culture area showed that larger fish were abundant. The relative densities, composition and movements of reef fish in and across the boundary are unknown due to no clear boundaries being set up, however, we hypothesize that a 'spillover' of fish may be occurring from the cultured area (McClanahan and Mangi, 2000) to the benefit of the bay fishery in general. Further, a detailed study is needed to examine this hypothesis in order to support the Maluku government's implementation of the National Fish Barn program, involving the establishment of restricted fishing areas.
Although we acknowledge the limitations of our research project, results and analysis, our study supports the balance fishery perspective identified by Garcia et al. (2012) , in that harvesting fish proportionally with natural levels of productivity creates less disturbance of community structure than other approaches. In order to develop EAF we need to expand our knowledge of the selective impacts of fishing gears and exploitation strategies on reef fish at the community scale.
